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ABSTRACT 
Available information on the synthesis of protein in the mammalian epidermis is 
evaluated in relation to currently accepted mechanisms for this biosynthetic process. 
Sufficient data exist to allow the conclusion that in the epidermis there is a ribosomal 
system for protein synthesis similar to that found in microbial organisms and in rabbit 
reticulocytes. There is a hint that an additional mechanism-possibly transpeptidation-
participates in the formation of some epidermal protein. 
Two major loci of protein synthesis in the mammalian epidermis seem indicated from 
kinetic autoradiographic studies of amino acid incorporation. Synthesis of protein of 
unique character and composition appears to occur in the cells of the granular layer 
representing one of these loci. This protein, containing an unusually high level of 
histidine, may play a role in the biogenesis of keratohyalin. Another unusual feature 
found in the granular cells, is the presence of urocanic acid-like substance in protein 
structure. The nature of the protein synthesized in the other locus, the basal and lower 
spinous cells, is presently uncertain. 
Aberrations in protein synthesis seem to occur in psoriatic epidermis, in the granular 
cells of epidermis exposed to ultraviolet light and ,B-irradiation and in epidermis exposed 
to stripping and to certain topically applied substances. 
The mammalian epidermis, existing as a sys-
tem in constant renewal, must necessarily have a 
great capability for the ynthesis of protein. 
Since this tissue is also a differentiating tissue, 
progressing through a programmed series of 
morphological changes, it would be natural for 
some of these changes to coincide with the syn-
thesis of different proteins. 
GENERAL MECHA..l'•HSMS OF 11 RIBOSOMAL" 
PROTEIN SYNTHESIS 
Currently accepted theories for the mecha-
nisms of protein synthesis have been derived 
primarily from studies of bacterial systems and 
the mammalian reticulocyte system ( 1-3) . Ac-
cording to these present ideas, the process of 
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protein synthesis begins with the transcription 
of deoxyribonucleic acid (DNA) into compli-
mentary chains of ribonucleic acid (RNA). The 
enzyme, RNA polymerase, uses DNA as a tem-
plate and builds a strand of RNA in which an 
adenosine ribonucleotide is placed wherever the 
DNA template has a thymidine deoxyribonu-
cleotide. Similarly, guanosine ribonucleotide is 
complementary to cytidine deoxyribonucleotide; 
cytidine ribonucleotide, to guanosine deoxyri-
bonucleotide, and uridine ribonucleotide, to ad-
enosine deoxyribonucleotide. In thi process of 
transcription, the information for the order of 
amino acids in a protein is transferred from 
DNA to RNA. The large molecule of RNA in 
which the information is inscribed has been 
termed messenger RNA (mRN A). Three consec-
utive bases constitute the code for a specific 
amino acid and the order of amino acids in a 
protein i dictated by con ecutive triplets of nu-
cleotide bases in mRNA. For example, uracil-ur-
acil-uracil codes for phenylalanine and cytosine-
adenine-uracil, for histidine. The triplet code is 
known for every amino acid generally utilized as 
a precursor for protejn ( 4) .1 The actual syn-
1 There appears to be n0 triplet code for h:v-
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thesis of the protein chain occurs by a process of 
translation in which the code in the mRNA is 
a read" by the ribosomes moving along the po-
lynucleotide chain (Fig. 1). Necessary additional 
participants in translation are other entities 
such as amino-acylated transfer RNA molecules 
(tRNA), guanosine triphosphate (GTP) and a 
series of enzymatic "factors" which are responsi-
ble for the formation of the peptide linkages, 
per se. 
Before an amino acid can be incorporated into 
peptide linkage on the ribosome, it must first be 
activated, i.e. converted to an amino acyl-tRNA 
(5), in a process involving the amino acid, a 
tRN A (containing of the order of 7 5 nucleotides 
in a single chain) specific for the particular 
amino acid, adenosine triphosphate (ATP) and 
an activating enzyme (amino acyl-tRNA syn-
thetase) also specific for the individual amino 
acid. An amino acyl-AMP-enzyme complex2 is 
formed as an intermediate in this proce s which 
proceeds as follows: 
Ami.ndo + ATP + Enz P. 
aCJ [Amino acyl-AMP-Enz] + PP;
2 
tRNAi 
Amino acyl-tRNA +AMP+ Enz. 
The proper amino acyl-tRNA binds to the ribo-
some as directed by the t riplet on the mRN A 
being "read" . 
Mammalian ribosomes, appearing in the elec-
t ron microscope as granules having diameters of 
approximately 150A, consist of RNA (rRNA) 
and protein in approximately equal proportions 
(6). These ultrastructural elements, having a se-
dimentation value of about 80S, can be broken 
down into two smaller units which ediment at 
the 40S and 60S level, respectively. Ribo ames, 
which are most active for protein synthesis in 
vitro, are in aggregates called polyribosomes or 
polysomes. Presumbaly these aggregates are ri-
bo omes attached to pieces of mRNA. Poly-
ames in reticulocytes obtained from rabbits, 
have a sedimentation value of about 170S (7). 
In mammalian cells, polysomes are apparently 
as ociated with the endoplasmic reticulum when 
they are active in protein synthesis, in vivo. 
droxyproline, a major constituent of collagen. 
However, none is needed since hydroxyproline is 
not a precursor of collagen. Rather, proline is 
placed into the chain and is then hydroxylated to 
yield hydroxyproline (87). 
2 AMP= adenosine monophosphate 
PP, =pyrophosphate 
Considerable detailed information (cf 3) is 
available regarding the specific mechanisms of 
transcription (8) and translation (9-14). Be-
cause most of the work elucidating these mecha-
nisms has been done with bacteria, little atten-
tion has been directed to the unique mammalian 
problem of moving the ultrastructural elements, 
involved in protein synthesis, from their locale 
of synthesis to the place where they do their 
work. Although the major portion of protein 
synthesis occurs in the cytoplasm (15), rRNA, 
mRN A and tRN A are apparently synthesized in 
the nucleus (16). 
Most protein seems to be synthesi~ed by the 
" ribosomal" mechanism. However, it is entirely 
possible that other mechanisms also exist for 
making protein. In fact, there is evidence for the 
formation of peptides by a mechanism which 
does not involve ribosomes. For example, the 
synt hesis of glutathione ( y-1-glutamyl-L-cystei-
nylglycine) (17) and gramicidin S (a cyclic 
deca-peptide) (18) involve "non-ribosomal" 
mechanisms. Transpeptidation (19) , the combin-
ing of preformed peptides, does not involve the 
" ribosomal" mechanism and may be of special 
importance in the formation of protein in the 
epidermal granular cells ( cf. below) . 
SYNTHESI S OF PROTEIN IN 
THE EPIDERMIS 
In the present review of protein synthesis in 
the epidermis, the following questions will be 
considered: 
Is protein synthesized by t he "ribosomal" 
mechanism in the epidermis? 
Is there evidence for the existence of any 
other mechanism of protein synthesis in the epi-
dermis? 
Since the epidermis is a continuously dif-
ferentiating tissue, are different proteins syn-
thesized at the various stages of differentiation? 
Are alterations in protein synthesis known to 
be associated with any of the epidermal abnor-
malities? 
EVIDENCE FOR a RIBOSOMAL" sy· THESIS 
IN MAMMALIAN EPIDERMIS 
The concept that the endoplasmic reticulum is 
the major site of protein synthesis in the mam-
malian cell was originally derived from the ob-
servation that the highest initial concentration 
of radioactivity is in the microsomal fraction of 
Phenylalanine 
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FIG. 1. Ribosomal "reading" of the mRNA code. 1) A ribosome with a partially synthe-
sized peptide chain is shown on an internal mRNA codon (uracil-uracil-uracil = UUU). The 
peptide is attached to the ribosome through a tRNA molecule (tRNAx). UUU calls for 
phenylalanyl-tRNAPA. 2) The partially synthesized peptide chain and the amino acid coded 
for by UUU are attached through their respective tRNA molecules at separate sites on the 
ribosome. When the ribosome moves to the next codon a peptide bond will be formed be-
tween the a-amino group of phenylalanine and the a-carboxyl group of the partially syn-
thesized peptide. 3) The ribosome is shown on the CAU codon with phenylalanine now at 
the C-terminal end of the nascent peptide attached to the ribosome by the tRNA specific 
for phenylalanine. The tRNA (tRNAR) which previously linked the peptide chain to the 
ribosome has been eliminated. CAU codes for histidyl-tRNAu1s. 4) Histidyl-tRNAu1s and 
the peptidyl-tRNAPA are shown attached to the ribosome. 5) The ribosome has now moved 
to the next codon; histidine occupies the C-terminal position on the growing peptide chain; 
tRN APA has been eliminated, and the peptide is attached to the ribosome through tRNABis. 
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liver after the administration of a labeled amino 
acid, in vivo (20-24). This fraction, which in-
cludes fragments of the rough endoplasmic retic-
ulum with attached ribosomes, was originally 
obtained by homogenizing a tissue in 0.25 M 
sucrose and recovering the pellet which sedi-
mented between 20,000 and 100,000 X g. It was 
later demonstrated (25) that this fraction from 
rat liver could be highly labeled with radioac-
tive amino acid, in vitro, if the microsomal frac-
tion were fortified with the full complement of 
amino acids, an energy source and the superna-
tant solution from the pellet obtained by centrif-
ugation at 100,000 X g. The supernatant solu-
tion apparently contributed the various specific 
tRN A molecules, the amino acyl-tRN A synthe-
ta es specific for each amino acid, GTP and the 
catalytic proteins essential for forming the pep-
tide linkages. The ribosomes and mRN A were in 
the microsomal fraction. Obviously, any protein 
factors necessary for initiation, elongation or 
termination were also present in one of the two 
fraction . The energy requirement could be sat-
isfied by adding mitochondria, ATP or the en-
zymes and substrates necessary to make ATP 
(e.g. phosphoenolpyruvate, adenosine diphos-
phate (ADP), Mg++, and pyruvokinase). By ad-
justing this supernatant solution to pH 5, a pre-
cipitate was obtained which was rich in amino 
acyl-synthetases, tRNA and, presumably, other 
nece ary catalytic proteins ( 5) . 
In the epidermis, as in the liver of the rat, thP 
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microsomal fraction attains the highest specific 
radioactivity following the intraperitoneal injec-
tion of radioactive leucine (26). On the other 
hand, it has not yet been possible to reconstruct 
an efficient system for the synthesis of protein, 
in vitro, using only ultrastructural elements ob-
tained from the separated, normal epidermis of 
the rat. 
Baden and Pearlman (27) have, however, 
been able to show synthesis of protein, in vitro, 
using components from an epidermal carcinoma 
of hamster skin. Active fractions were obtained 
by homogenizing the tumor in 0.25 M sucrose 
containing magnesium acetate and potassium 
chloride buffered at pH 7.8. The homogenate 
was centrifuged at 20,000 X g and the superna-
tant solution was used to obtain the microsomal 
fraction by centrifugation at 100,000 X g. Ribo-
somes were isolated by treatment of the micro-
somal fraction with sodium deoxycholate at pH 
8.2 (28). The synthesis of protein was deter-
mined as perchloric acid (PCA) -precipitable ra-
dioactivity from an incubation mixture consist-
in()" of ribosomes, the supernatant solution ob-
tained by centrifugation at 100,000 X g, ATP 
(and an ATP-generating system), GTP and 
leucine-C14 • Formation of PCA-precipitable ra-
dioactivity was shown to be essentially depend-
ent upon all of these elements. The concentra-
tion of magnesium ion was critical in achieving 
the maximal activity. Polyuridylic acid (Poly-
D) was found to stimulate the incorporation of 
radioactive phenylalanine by this system and 
could therefore serve as a pseudo-mRN A. 
In order to determine the degree of aggrega-
tion in which the active epidermal ribosomes 
existed, experiments were carried out in which 
the labelled microsomal fraction was submitted 
to centrifugation in a 7 to 30% sucrose density 
gradient. Although the greatest total amount of 
C14 was associated with the "single-ribosomal" 
fraction, the highest specific radioactivity ap-
peared in the position normally occupied by po-
ly omes (27). 
Epidermal microsomal fractions had about 
one-quarter the activity of liver microsomal 
preparations on the basis of radioactivity made 
PCA-precipitable per mg of microsomal protein. 
Freedberg, et al. (29) have proposed that the 
lower level of protein synthetic activity seen in 
rat epidermal preparations relative to that in 
liver preparations is a function of an inhibitor 
which prevents the full activity of the tRN A 
molecules and the amino acyl-tRNA synthetases 
usually obtained from epidermal "high-speed" 
supernatant solutions by precipitation at pH 5.0. 
Addition of an epidermal, "pH 5.0 protein" frac-
tion to a cell-free liver protein synthesizing sys-
tem incorporating radioactive amino acid re-
sulted in considerable inhibition of activity. Fur-
ther study suggested the inhibitor to be ribonu-
clease. Freedberg and his colleagues feel that the 
presence of this hydrolytic enzyme accounts for 
the finding that most of the radioactivity is with 
the "single-ribosomal" fraction instead of in the 
polysomal fraction as occurs with the systems 
usually studied. To date, efforts to obviate this 
problem have not been entirely successful. 
Microsomes from frog epidermis, fortified 
with a "pH 5.0" fraction of liver protein, GTP 
and ATP (and an ATP generating system) have 
been shown to convert leucine-C14 into trichlo-
roacetic acid-precipitable radioactivity (26). A 
"pH 5.0" fraction from frog epidermis could be 
used instead of the "pH 5.0" fraction from rat 
liver but this substitution resulted in a lower 
level of activity . 
Freedberg et al. (29) have described a cell-
free protein synthesizing system obtained from 
the epidermis (with slight dermal contamina-
tion) of the guinea pig. For maximal activity, 
the system required ribosomes, the "high speed" 
supernatant fraction (from which the "pH 5.0" 
fraction could be obtained) ATP, GTP and 
magnesium ion. However, the addition of a mix-
ture of amino acids was not necessary. No at-
tempt was made to study the effect of Poly-U 
nor was an attempt made to identify the charac-
teristics of the protein synthesized. 
:Matsui and Freedberg (30) have reported the 
isolation of a preparation of tRN A from the 
epidermis of the guinea pig. Homogenization of 
the tissue in a mixture containing phenol, so-
dium dodecyl sulfate, 8-hydroxyquinoline, potas-
sium chloride and EDTA, followed by centrifu-
gation and treatment of the supernatant solution 
with potassium acetate and ethanol resulted in 
the precipitation of tRNA. After sequential 
purification on DEAE-cellulose and Sephadex 
G-100, the material appeared predominantly as 
a single peak upon centrifugation in a linear 
sucrose gradient. When tested using an amino 
acyl-tRNA synthetase from rat liver and a CH-
labeled amino acid mixture, 80% as much ra-
dioactivity per mg RNA was incorporated using 
the epidermal tRNA as was seen with a sample 
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of tRNA isolated by a similar procedure from 
liver of guinea pigs. 
Amino acyl-tRNA synthetase was also pre-
pared from the epidermis of guinea pigs by 
Matsui and Freedberg (30) using a technique 
based on the procedure of Keller and Zamecnik 
(31). The tissue was homogenized in a glass 
homogenizer in 0.25M sucrose containing potas-
sium chloride, magnesium chloride and mercap-
toethanol buffered to pH 7.5 with Tris. The su-
pernatant solution obtained by centrifugation at 
270,000 X g for 60 min was adjusted to pH 5.0. 
The resulting enzyme preparation incorporated 
ca-labeled amino acids most effectively at a 
magnesium ion to ATP ratio between 5 and 10. 
The pH optimum for activity was found to be 
between 7.0 and 7 .5, a value similar to that 
found for preparations from other tissues. An 
attempt to further purify the enzyme prepara-
tion on DEAE-cellulose gave poor recovery, low 
specific activity and instability. 
Cohen and his colleagues have studied the 
effect of the epidermal growth factor (EGF) on 
protein synthesis, in vitro. EGF, obtained from 
the submaxillary gland of the male mouse is a 
highly purified polypeptide (32). When EGF 
was placed in the medium of a culture of chick 
embryo, there was a net increase of protein and 
RNA but not DNA in the system (33). Extracts 
from epidermis previously cultured with EGF 
showed a higher activity for incorporating la-
beled amino acids than extracts from tissue not 
expo ed to the factor (34). Experiments with 
inhibitors of protein synthesis led Cohen and 
Stastny (35) to the conclusion that EGF stimu-
lates the conversion of mono- to polyribo omes 
with a consequent increase in the ability of these 
ultra tructural elements to incorporate labeled 
amino acids in peptide linkage. Whether EGF 
has an effect on ribosomes from tissues other 
than chick embryo epidermis ha apparently not 
been determined. 
On the basis of all the available ~vidence, it 
seems clear that, as in Escherichia coli and the 
rabbit reticulocyte, there is a protein ynthesiz-
ing sy tern which utilizes ribosomes, amino 
acyl-tR.NA molecules, mRNA, ATP, GTP and 
amino acids. On the basis of protein concentra-
tion, the isolated epidermal system appears to 
be le s active than a system obtained from liver 
by the same technique. Thi may be related to 
the fact that in the epidermal systems studied to 
date, the ribo omal population ha consisted es-
sentially of monosomes rather than polysomes. 
The high level of ribonuclease in the epidermis 
may well be responsible for this condition of the 
isolated ribosomes (29). However, preliminary 
data obtained by Kumaroo (36) suggest that an 
inhibitor of protein synthesis other than ribonu-
clease is present in the epidermis of the newborn 
rat. This inhibitor, present in the supernatant 
obtained by submitting a homogenate of the tis-
sue to centrifugation at 100,000 X g, depresses 
protein synthesis in a cell-free preparation iso-
lated from newborn rat liver. It may be that the 
inhibitor of protein synthesis and the EGF hold 
the key to understanding the low activity of the 
epidermal cell-free system and the "mono orne-
polysome" problem. 
PROTEIN SYNTHESIS IN RELATION TO 
EPIDERMAL DIFFERENTIATION 
Kinetic autoradiographic studies (37, 38) 
clearly suggest that nucleated cells at all levels 
of the epidermis-except possibly the cells in the 
most outer layer of granular cells (39)-are cap-
able of incorporating amino acids into protein. 
Although it takes approximately three days for 
a cell to migrate from the basal to the granular 
layer in the epidermis of the newborn rat ( 40), 
within six hours after the intraperitoneal injec-
tion of a tritiated amino acid to this animal, 
cells in all the epidermal nucleated cell layers 
are labeled (37). This extensive incorporation 
of radioactive amino acids would seem likely not 
to be related to differentiative steps but to rep-
resent a normal turn-over of enzymes and struc-
tural elements. On the other hand, the heavy 
initial accumulation of silver grains seen over 
cells in the lower or in the upper nucleated cel-
lular layers, depending on which labelled amino 
acid is used (37, 38), is probably associated 'vith 
synthesi of proteins specific for particular steps 
in the sequence of differentiation. Possibly, the e 
two loci of protein synthesis represent the bio-
genesis of tonofilaments in the spinous cells and 
keratohyalin material in the granular cells which 
then presumably combine to form the keratin 
fibers in the cornified cells ( 41) . 
Table I summarizes available autoradiogra-
phic data (37, 38, 42) on the initial epidermal 
localization of intraperitoneally injected triti-
ated-amino acids to newborn rats. Since nutrients 
reach the epidermal cell by diffusion from the 
vascular system in the denni , one would intui-
tively expect any labeled precursor to be ini-
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tially incorporated in the lower layer of the 
epidermi . Surprisingly, histidine, glycine, argi-
nine and serine are initially incorporated in the 
nucleated cells of the upper layer in contrast to 
those amino acids listed only in the left-hand 
column of Table I. Proline and tyrosine are 
li ted in both columns of this table since these 
amino acids appear to be incorporated equally 
in cells of all three viable cellular layers. 
Contradictory information is available regard-
ing the initial localization of cystine. Bern and 
co-workers ( 43) reported that cystine-S35 was 
incorporated initially in the region just under 
the cornified layer in the epidermis of the tongue 
and vagina in mice. Similarly, cystine-S35 labels 
the cells just under the cornified layer when 
perfused into the hoof of the horse ( 44). This 
would seem to coincide with the postulated "en-
richment in sulfur" just before the final keratini-
zation step as appears to occur in hair where a 
high level of cystine-S35 is added in the kerato-
genous zone a the hard keratin is formed ( 45). 
On the other hand, Belanger ( 46) found that, in 
rats, cystine-S35 resulted in the lower cells being 
the primary site of labeling at six hours after 
subcutaneous administration of the tracer. Simi-
larly, the lower cells were reported to be initially 
labelled in the keratinizing oral mucosa of the 
mouse, in vivo. Fukuyama and Epstein (42), 
however, have reported that when they adminis-
tered cystine-H3 intraperitoneally to newborn 
rats, the highest incorporation of label one hour 
after injection was in the granular cells although 
there was considerable label in all other nu-
cleated cells. Use of cystine-H3 would appear pref-
erable to cystine-S35 in this context since a high 
level of cysteine de ulfurase has been found in 
TABLE I 
Location of initial epidermal incorporation of 
tritiated amino acids in t.he newborn rat 
' in vivo (37-39) 
Basal-lower spinous 
Leucine 
Phenylalanine 
Valine 
Lysine 
Methionine 
Tyrosine 
Proline 
Upper spinous-granular 
Glycine 
Histidine 
Arginine 
Cystine 
Serine 
Tyrosine 
Proline 
Tracer administered by intraperitoneal InJec-
tion. 
the epidermal granula.r layer ( 47). This enzyme 
removes sulfur from cysteine forming pyruvic 
acid and sulfate and might re ult in a quantita-
tively erroneous picture of the incorporation of 
cysteine-S35 in the granular cells. 
AI hough both hi tidine-H3 and cystine-H3 are 
een initially in the epidermal granular cells in 
the newborn rat, the di tribution of label with 
time, when observed by autoradiography at the 
ultra tructural level, is different for these two 
precur ors ( 42). Tritiated hi tidine. appears to 
be translocated with time into the granule, 
wherea labeled cystine seem to become as o-
ciated preferentially with the plasma membrane. 
The preferential localization of histidine-H3 
and arginine-Ha in the granular cells of the 
human epidermis has been demonstrated, in vivo 
( 4 ) and similar data have been obtained for 
hi tidine-H\ in vitro ( 49). Suggestive data fa-
voring this phenomenon have been obtained for 
white pig skin in culture, using arginine-H3 (50). 
Al o, autoradiography ha demonstrated that 
o-lycine-H3 i preferentially incorporated, in vivo, 
in the granular cell of the keratinizing epithelia 
of the esophagus and fore- tomach in the mouse 
(51). 
The preferential incorporation of certain 
amino acids in the upper nucleated cell layers of 
the mammalian epidermis appears to be a func-
tion of the rapid synthe is of unique protein in 
the ' e cell (52, 53). Protein, containing an unu-
ually high level of histidine, has been isolated 
from the granular layer of the epidermis of the 
newborn rat (52). One hour after the intraperi-
toneal injection of histidine-H:', this protein ac·-
count · for about two-thirds of the total nondi-
alyzable, urea-e~iractable radioactivity (Table 
II) localized in the combined granular and corn-
ified epiderma l layers (54) 3 • Table III presents 
the amino acid campo ition of the "histidine"-
protein as isolated from the whole epidermis 
(55). This protein, having a molecular weight of 
about 30,000 (55), appears to exist in its native 
state as a part of a molecule with a molecular 
weight in exces of 200,000 (56) containing bound 
copper and a urocanic acid-like moiety (57) pos-
'bly involved in a peptide linkage (5 ) . 
\Vhether this represents the native state of the 
large concentration of urocanic acid present in 
epidermis (59-62) is a yet uncertain. 
Fukuyama and Epstein have suggested (63) 
3 
"Histidine"-protein cannot be isolated from the 
cornified layer by the techniques used to obtain the 
substance from the nucleated cellular layers. 
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on the basis of kinetic autoradiographic data, 
that the "histidine" -protein is synthesized in the 
cytoplasm of the granular cell and then becomes 
associated with the keratohyalin rna terial. 
Whereas, ultrastructural autoradiography shows 
about two-thirds of the H3 in the granular cell 
to be distant from the keratohyalin granules at 1 
hour after the intraperitoneal injection of histi-
dine-H3 to newborn rats, two-thirds of the ra-
dioactivity was associated with keratohyalin by 
three hours post injection. A relationship be-
tween histidine, keratohyalin and keratinization 
had previously been suggested by Reaven and 
Cox (64, 65), on the basis of the apparently 
high concentration of histidine found in and 
around the keratohyalin granules and the hy-
pothesis ( 41) that keratohyalin participated in 
the formation of keratin fibers. Feldkamp (54) 
found that the isolated "histidine" -protein ac-
counted for a minimum' of 42 per cent of the 
protein-bound histidine-H3 in the granular-corn-
ified layers at 1 hour; 40 per cent, at 3 hours, 
and 35 per cent at 6 hours post intraperitoneal 
injection of the tracer. Since a) the "histidine"-
protein appears to represent a major portion of 
the protein-bound histidine-H3 in the granular 
layer during the period post-administration 
when by autoradiography most of the labelled 
histidine is translocated into the keratohyalin of 
the rat epidermis and b) "histidine"-protein was 
not isolated from involved human epidermis in 
the psoriatic where keratohyalin is absent (66), 
it is reasonable to assume that "histidine"-pro-
tein does become a component of keratohyalin. 
In fact, Kumaroo, using the technique developed 
by U gel (67) for isolating keratohyalin from 
epidermal tissue of the bovine hoof, isolated the 
material from the epidermis of the newborn rat 
after administration of histidine-H3 and obtained 
the "histidine" -protein from this preparation 
(36). Figure 2 illustrates chromatography on Se-
phadex G-100 of the "histidine" -protein isolated 
from keratohyalin. 
Synthesis of the "histidine" -protein, in vitro 
has been reported (68). A mince of newborn rat 
epidermis, consisting mainly of cells from the 
granular and cornified layers, converted histi-
dine-Cu into the protein. The results of kinetic 
4 These values are probably minimal figures since 
the technique used to obtain the granular-cornified 
preparation appears to result in a conversion of 
"8M urea-soluble" to "8M urea-insoluble" protein 
(53). 
TABLE II 
Fractionation of epidermal protein labelled with 
histidine-H3 (53) 
%Recovered 
histidine-Ha 
in protein 
Granular-cornified layers 100 
Protein soluble in 8M urea 62 
"Histidine" -protein 42 
Protein insoluble in 8M urea 38 
Tissue analyzed 1 hour after intraperitoneal 
injection of histidine-H3 to newborn rats. 
TABLE III 
Amino acid analysis of ''histidine'' -protein in the 
epidermis of the newborn rat and man (54, 65) 
Residues/ 100 residues 
Newborn rat Human• 
Glycine 15.3 16.8 
Glutamic acid 14 .1 12 .0 
Alanine 11.8 10.1 
Serine 11 .5 6 .0 
Tyrosine 9.4 4.3 
Arginine 9.0 10.0 
Histidine 6.9 8 .3 
Threonine 6.8 10.7 
Aspartic acid 5.6 15.4 
Lysine 1.0 1.3 
* Low levels of the following were also detected : 
leucine, isoleucine, phenylalanine, and valine. 
studies using puromycin5 and "cold chase" 
techniques6 have been interpreted to indicate 
that in the synthesis of the 11histidine" -protein, a 
small peptide precursor, made by a "puromy-
cin-sensitive"-and therefore "ribosomal" mech-
anism, is polymerized by a "puromycin-insensi-
tive"- and therefore "non-ribosomal" mecha-
nism, to form the "histidine"-protein. The polym-
erization may occur via transpeptidation since 
such a reaction would presumably not be inhib-
ited by puromycin. 
The relation of the "histidine"-protein to the 
formation of keratin-type protein is not clear. 
The "histidine" -protein may become a compo-
5 Puromycin inhibits "ribosomal" synthesis of 
protein. 
6 This technique involves preincubation in the 
presence of histidine-CH followed by further in-
cubation after dilution of the tracer with a rela-
tively massive addition of unlabelled histidine. 
298 THE JOURNAL OF INVESTIGATIVE DERMATOLOGY 
1000 0 .2 
....J 
::::E 
' 
:::1.. 
E 
0 
(I) 
N 
COLUMN : 0 .7 x 23 em 
SEPHADEX G-100 
::::E 
a.. 
u 
<{ 
0.1 ELUANT: 0 .1 N ACETI C AC ID 500 
ML 0 .1 N ACETIC ACID 
FIG. 2. Chromatography on Sephadex G-100 of "histidine"-protein isolated from. kera-tohyalin in newborn rat skin. Animals sacrificed 30 minutes after having received his~idme-:H3 (20 p.c each) intraperitoneally. Keratohyalin obtained from epidermis by extractiOn w1th 0.7M phosphate (67). "Histidine"-protein isolated from keratohyalin by technique of Hoo-ber and Bern tein (52). 
nent of "keratohyalin" -protein which then be-
comes a component of the keratin fiber as sug-
gested by Brody (41). Kinetic autoradiography 
(37) has shown that histidine-H3 appears in the 
cornified layer by 6 hours after the intraperito-
neal jnjection of the tracer to the newborn rat 
but there is no indication (54) that the "histi-
dine" -protein becomes insoluble in 8M urea at 
that time which could be expected if the "histi-
dine" -protein were built into the keratin mole-
cule. Furthermore no keratin or prekeratin has 
been reported to have an amino acid composi-
tion similar to that of the "histidine" -protein 
(69-72). In addition, the "histidine"-protein 
contains no sulfur even when isolated from the 
epidermis of an animal which had received radi-
oactive cystine (73). 
The role of "enrichment in sulfur" in epider-
mal keratinization is also uncertain. In the bio-
gene i of hair, cystine is added to the fibers in 
the keratinogenous zone ( 45). In the epidermis, 
cystine-H3 originally incorporated in the granu-
lar layer appears to be associated with the 
plasma membrane of the cornified cell rather 
than with the fibers in these cells ( 42). This 
latter phenomenon probably provides for the 
high content of cystine in the protein of these 
membranes (74). Since the "membrane coating 
granule " are reported to be synthesized in the 
cell of the spinous layer and to become asso-
cia ed with the plasma membrane in the upper 
granular cells (75), whereas the incorporated 
cy t1ne-H3 doe not become as ociated with the 
plasma membranes until the cells reach the 
lower cornified layers ( 42), it seems unlikely 
that the biogenesis of "membrane coating gran-
ules" accounts for the initial incorporation of 
cystine-H3 • 
The role of the "histidine" -protein in keratini-
zation is still unclear. This protein may well 
be involved in the biogenesis of keratohyalin. A 
marker in the continuous sequence of epidermal 
development, the "histidine" -protein provides a 
biochemical "handle" for the direct study of the 
control mechanisms governing molecular dif-
ferentiation . It should be possible to determine 
the manner by which synthesis of this unique 
protein is limited to the period of time when the 
differentiating cell is in the granular zone of the 
epidermis. 
EPIDERMAL ABNORMALITIES ASSOCIATED WITH 
PROTEIN SYNTHESIS 
In the involved epidermis in psoriasis vulgaris, 
cells exhibit an abnormally high mitotic rate and 
rapid transit from the basal layer to the most 
superficial cornified layer (75-77) . They may ar-
rive at the outermost layers with nuclei, ribo-
somes, etc. and may be capable of protein syn-
thesis while in the stratum corneum (cf. 78). 
However, involved psoriatic skin incubated in 
vitro with histidine-H3 (79) and uridine-H3 
(80), seem to have resulted in no significant 
labeling in the stratum corneum at a time when 
the lower epidermal layers showed intense label-
ing with both t racers. It appears probable, 
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therefore, that although in psoriasis the epider-
mal mjtotic rate is abnormally high and the time 
it takes for a cell to move to the most superficial 
layer from the germjnative layers is abnormally 
low, protein synthesis in the involved tissue is 
restricted to cells lying below the stratum cor-
neum as is the case in normal epidermis. 
Because of the increased dermal vascularity in 
thi disease, it is difficult to determine the rate 
of protein synthesis by the radioactive tracer 
technique in order to compare the rates of pro-
tein synthesis in the psoriatic and normal epi-
dermis. The involved tissue may be exposed to 
an abnormally high concentration of labeled pre-
cursor. However, it should be noted that at least 
in regard to the synthesis of a specific species of 
protein, i.e. the "histidine" -protein, the psoriatic 
epidermis is deficient (66) as it is deficient in the 
biogenesi of keratohyalin. Possibly in psoriasis, 
keratohyalin is not made because the "histi-
dine"-protein is not synthesized (66). Veri-
fication of this hypothesis may come from fur-
ther study of the relation of the "histidine"-pro-
tein and keratohyalin, elucidation of the enzy-
matic mechanism of synthesis of this protein 
and an investigation of the respective re ponsi-
ble reaction in the psoriatic epidermis. Such 
studies should also provide an insight into 
whether or not the absence of the "histidine"-
protein plays a role in the etiology of the dis-
ease, per se. Absence of this protein in p oriasis 
may simply be a result of a failure in cellular 
maturation. 
Ultraviolet light appears to have a selective 
effect on protein synthesi in the granular cells. 
Exposure of human epidermis to ultraviolet ra-
diation, in vivo, is reported (39) to have de-
creased the incorporation of histidine-H3 in the 
a-ranular cells by about 50 per cent by 1 hour 
post-exposure. The incorporation of leucine-H3 
was al o decreased in these cells. No effect wa 
ob erved on the incorporation of either of the 
labeled amino acids in the basal cells. A similar 
differential effect was observed in experiment 
with cytidine-H3 in which there was an 80 per 
cent decrease in the number of granular cells 
labeled by this precur or of RNA. In contrast, 
no morphological alterations were een in the 
~p : dermis until 24 hours post-irradiation. Inter-
e~·tingly, exposure of guinea pig to {3-irradia-
t ion, in vivo, apparently resulted in an abnor-
mall~· hio-h level of urocanic acid in the epider-
mi prior to the clinical appearance of injury 
(80). Since a large part of the incorporation of 
histidine-H3 in the a-ranular cells i a function of 
synthesiN of "histidine"-protein which, in situ, is 
structurally related to a protein pos ibly con-
taining urocanic acid, one wonders whether the 
synthetic mechanisms for the "hi tidine" -protein 
i particularly sensitive to irradiation. 
Mention hould be made of the timulation of 
protein synthesi , as measured in skin slices by 
the incorporation of labeled amino acids into 
epidermal protein, in guinea pigs exposed in 
vivo to ionizing radiation (81), to stripping of 
stratum corneum with Scotch tape, or to topi-
cally applied salicylic acid or ammoniated mer-
cury ointment (82) . Whereas the stimulation of 
amino acid incorporation following irradiation or 
t ripping occurred prior to any increase in mi-
totic rate, the effect of the ointments were een 
only after hyperplasia had been observed. The 
topical application of podophyllin, a plant prod-
uct, was al o reported to result in an early stim-
ulation of amino acid incorporat ion in the epi-
dermis of mice (83). The mechanism whereby 
amino acid incorporation in the cutaneou epi-
dermis i increased by these environmental in-
fluence are unknown. ·w,.ith podophyllin, a s'mi-
lar effect was shown in mouse liver ( 3) and 
further invest igation suggested that the tirnula-
tion was dependent on a change in the ribo ornal 
fraction of the liver homogenate. 
It was noted above, that, in situ, the ' hisf -
dine"-protein is a part of a larger prote·n which 
contains bound copper and urocanic acid and 
that the "histidine"-protein may be a normal con-
stituent of keratohyalin. A di concerting piece of 
information in this context i the finding that in 
histidinemia, a disea e in which the level of hi f-
da e is deficient, keratohyalin appears morpho-
logically normal although pos ibly decrea ed in 
amount, while urocanic acid, the product of hi -
tidase, is apparent ly ab ent in the epidermi , 
( 4). This anomaly might be explained if kera-
tohyalin normally con i ts of more than the 
" histidine"-protein ( 5). It would be interestino-
to compare the appearance and quantity of ker-
atohyalin and the formation of the "hi tidine''-
protein in human vitamin B12 or folic acid de-
fic:ency wi th the situation in the normal individ-
ual ince the level of hi tida e found in the t ra-
tum corneum of vitamin deficient individual is 
abnormally low and ri es upon administration of 
these vitamins (86). 
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